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PREFACE. 



Much bas been written upon the subject of transition curves 
within the past few years, and the theory and practice have 
been accurately worked up for small central angles, notably 
in the " Holbrook Spirals." Accurate methods are here, it is 
believed for the first time, developed for the true transition 
curve, curvature increasing directly with the distance, which 
will hold for large ceutral angles for both the offset and tbc 
deflection methods. The extension of the limits to include 
long transition curves with large central angles increases the 
flexibility of the alignment of a railroad, which will tend to 
economy of construction in all but the most easy country. 

The offset method is worked up for use during location and 
the greater part of construction on account of its extreme sim- 
plicity; tbe increased labor over tbat required for simple 
curves being almost insignificant. 

The method by deflections with transit and chain will usually 
be preferred for curves over 200 to 300 feet in length, in run- 
ning centers on the finished roadbed, for laying track, or 
other accurate work. Table HI will give the deflections for 
any time transition curve connecting a circular curve with a 
tangent, or connecting the two branches of a compound curve, 
with accuracy for all central angles of transition curve up to 
60°. The deflections taken out for the most common curves 
can be conveniently tabulated on the blank pages inserted for 
the purpose. 

While intended primarily for the use of civil engineering 
students, it is believed that the complete set of tables given 
will render the methods at least as rapid and convenient in 
actual use in the field as the more restricted or approximate 
ones now in use. 

Special acknowledgment Is due to II. N. Ogden, C.E., 
formerly an instructor here, for carefully revising the text. 

Cornell Univkrsitt, 

Ithaca, N. Y., Jan., 1893. 
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TRANSITION CURVES. 



1. Necessity for Transition Curves.— The road 
bed upon a tangent or straight track is made level transversely; 
upon a circular curve it is inclined toward tbe center to coun- 
teract centrifugal force. Tbe change from the one to the other 
must be gradual for easy riding, and to prevent twisting the 
trucks. Hence if the inclination of the road-bed is to be pro- 
portional to the centrifugal force at every point, a transition 
curve must be used, in which the curvature increases directly 
with the distance, in passing from the tangent to the circular 
curve. 

2. Different Kinds in Use.— Rankine {Civil En- 
gineering) gives the credit of first laying out railroad curves 
with a gradual increase of curvature, starting from the tan- 
gent, to Mr. Gravatt about 1828; of using such a curve to 
connect the tangent and main circular curve, to Mr. Wm. 
Froude about 1843, — their methods being first published in 
1860-1. 

In this country transition curves have come into use within 
the last ten to twelve years. The true transition curve, curva- 
ture increasing directly with the distance, was described in The 
Railroad QazeiU, Dec. 3. 1880, by Ellis Holbrook. The Uail- 
road Spiral, a curve made up of circular arcs compounded, by 
W. H. Searles, was published in 1883. The cubic parabola, 
in which the curvature increases with the distance along the 
tangent, was described by C. D. Jameson and E. W. Crellin 
in the Railroad and Engineering Jour, in 18S9. The Froude 
curve, as worked up by A. M. Wellington, was described in 
the Engineering News in 1890. These bv\v\« qv\\. "Cssfc \snss^^ 
\mportixnt cJasses, allbougVi t\\e \\s.V. \a \wx \kqvcv <!»\sv^^\.^. 
AU hut tbe last were worked ouV. VoXie^ ^v\v^ ^\vV^x«s^^^^.^^ 
Cham, m^ aefle^tlous M^^g gVNW i^^ ^^^^^^ ^v^v^^^ 
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difTerent rates of increase of curvature for flexibility; the last 
was worked up to be ruu with transit, or by ordinntes from the 
circular curve and from the tangent, as preferred. It is the 
only one of the list which is worked up for a curve of any 
length or of any offset from the tangent to the main circular 
curve; the field-work during location is reduced to a minimum 
by offsetting from the tangent directly to the circular curve, 
but the fundamental assumptions become inconsistent when 
the curve includes a large central angle. 

THEORY. 

3. Equation of Curve.— In Fig. 1. let EQE' be a cir- 
cular curve wiih centre G and tangents EK and E'K. It is 




evident that if we begin at G to reduce the curvature directly 
with the distance, and continue the reduction until the curva- 
ture is Z(MO, using the same central angle / as for the corre- 
sponding ])ortion of the circular curve, the new curve will 
pass outside the old. requiring a tangent OB parallel with KE, 
»iid at some distance as JE from it. 

Jg^is called the /^.C^ns usual; 0, Wig P.T.G.\ ^, theP.C,.j 
tUe P, T. Oi.\ E', the P. T. ; (/, the P.T,, 



Eq. 3.] EQUATION OF CURVE, 3 

Since the curvature is zero at O aud iucreascs directly with 
the distance, the ratio of the curvature and distance incre- 
ments, d<p and dl, must Increase with I, i.e., 

S=2« (1) 

where 2k is a constant for any one curve, but varies for differ- 
ent curves. 
Integrating, 

<P^kl\ (2) 

where <p is the central angle up to the point L, I the length, 
and k a constant. 
In the right difterential triangle, Fig. la, 

dy =.dl sin <p 

= di sin kl^, since = kl^ by (2). 

The expansion of the sine in terms of the angle, by Trigo- 
nometry, is 

^ t^ C 

where I denotes a factorial number, i.e., 3! = 1x2x3 = 6, etc. 
Substituting, 

/ m^ kH'^ kH'* \ 

,y = ai[ia'-.- - + — ---+). 

Integrating, 

^ " "3" "" 42 "•" 1820 - 70GUd"^ ^' 

Restoring for kP, 

^~ 3 42 "*" 13:^0 75(500 "^' 

where <p is in ;rmea8ure, coming from the development of the 
sine in series. 
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For <p m degrees (^ = 0**-^- = .0174530^]. 

y - ^[i(.O17453)0'' - A(.017453)V"^' 
+ TifW.O17453/0^» - 73jff^(.O174O3r0^' +], 

y = ^^, (4) 

where G varies with 0°; it can be taken from Table II, with 
0° as argument. 
From Fig. la, 

dx = dl cos 

= (Z^ cos kl^, since ip = kl^ hy (2). 

The expansion of the cosine in terms of the angle, by Trigo- 
nometry, is 

t^ i* t^ 

Substituting, 

/, kH* k*l^ k^P^ \ 

dx = dill 1-1. 

\ 31 ^ 41 61 V 

Integrating, 

k'l^ k*l» kH^^ 
^-^~l0""*"216""9360"^ ^^ 

Restoring <p for kl^, 

10 ^ 216 9360 ^' 
For in degrees, 

X = I — ;[Vo(.017453)V - ^h(-O17453)^0< 
+ 5 jVo(. 017453) V" -]. 

x = I - IE, (6) 

7here E varies with </>"; it can be taken from Table II with 
* v^ argumeut, 



Eq. 11.] DEFLECTION ANGLES. 5 

4. Coordinates of Center.— Since the increment to 
the central angle, d(l>, is in ;r-measure, = arc dl divided by 
radius of curvature /j, we liave from (1), 

d<p~^' ~ 2kl ^^ 

At tlieP.Ci., p — R, the radius of the circular curve; = /, 
the ceutral angle of the circular curve from P.C. lo P. (7i. 
Therefore, from (2) and (7), 

I = kli , = -jz , (8) 

where U = the length of the transition curve to P. Ci, 

But B = 5if ; r = l'^ = 57.30/. 

J) It 

.*. JT = 2^» ^= 28.65^, .... (9) 

h- — - ^ (m 

2i^^r ""1H60/, ^ ^ 

If Xx and yx are the coordinates of P.Cx., and x\ F, those 
of the P. (7. (see Fig. 2), 

J?* =yi- 72(1 -cos/) I 
X = Xx — Rsin I ) 

while the coordinates of the center will be «' and F-\- R. 

6. Deflection Angles.— With the instrument at sta- 
tion 0. Fig. 2 (P.T.C., or P.^,.), the tangent of ihe deflection 
angle do can be found by dividing y by x, using the values 
from equations (8) and (5), thus : 

tan rfo = - = ^- + .009 523A;'^ 
X 3 ' 

+ .000 mm'^ +. 

♦ If curvefi from 8® to 16** be run with 50-foot chords, curves from 10* 
to 9ri? with 25-foot chords, and all sharper tlian 3.i° with 10-foot ehonls, 
tlie alK>ve value will be correct to the nearest foot. All the accompany. 
iug tables are computed on this basis. 
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The expansion of the angle in terms of the tangent is, by 
Trigouometiy, 

t = inn t — ^ tan'* ^ + i tau* t — . 
Substituting, and retuiuiug nothing higher than k\ 

I.J2 

do^ — - .002S2UH^ - .000 068A:^^'» 
= ^n' - .003 823/8/i« - .000 OOSPn'^ 

by using for k its value 1 -i- li'^ from (8), and calling the mtio 

I -i- li z= n. 



r.T.c. 



o 



f I " ^ ^ ' m 



.1 




Fig. 2. 



. /> 



V 



yb 



do and I are in ;r-measure : to reduce to degree-measure, mul- 



Tt 



tiply by -g^ = . 017 453, giving 
do" = — »2 _ .000 033 22 ( -J V - .000 000 001 53 ( — 






(t)'"'"' 



'.,' = r.,j» _ B, 



(12) 



Eq. 15] DEFLECTIOK ANGLES. 7 

i.e., Uie deflection varies approximately as tJie square of (he dis- 
tance, and is nearly equal to one third the central angle subtend- 
ing t/ie same arc. 

Bo, in tlious:iudths of a degree, can be taken from Table III 
with I" as argument. 

With the instrument at an intermediate point, x'\ y", 

+ T*5^^'^"' + ^i"* + ^'^'") ] + A:*[.000 167(^»« + V ") 
+ .002 909(^r' + Zr ») + .008 985(ri" « + Pl"^) 
+ .016 m\{pr^ + m" •») + .02i 323(^«^"4 + IH"^) 
+ .027 556rr»]. 

From which, by finding the value of the angle in terms of the 
tangent, and substituting the value of A; as before, 

d"' = -~(P + r^ 4- W) - Correction. 
oil 

d''^ =-^{n' + n"^ + nn")-B'\ (13) 

where B" contains the terms involving i' and /*, a rapidly 
converging series. 
With the instrument at Sta. 1 (h" = 1), 

r 

(fi° = — (n* + 1 + ») — Correction 

= ~Ar-B, (14) 

With the instrument at Sta. .5 (n" = ^), 

r 

d^.t = -^{n'* -\-i-\- \n)— Correction 
o 

= ^^.5--B.5 (15 
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Instrument at Sta. .25 (n" = i), 

r 

d°.a6 = o ^^* + iV + i^) — Correction 

o 
= ^^.a.-J5.„ (16) 

Instrument at Sta. .75 (n" = f), 

d°.„ = :L(,i» _L ^ + |n) _ Correction 

= ^A.tt-Bii (17) 

-4 and B can be taken from Table III, with n'\ n, and /** as 
arguments. B is in thousandths of a degree. Second differ- 
ences should be used in interpolating for A when /** is large. 

6. Construction of Tables.— These formulas are loo 
complicated for convenient use, although all the series con- 
verge rapidly. Tables thus become necessaiy. 

Table I.— ^i, the length of curve, for a given D is first 
assumed in values increasing by 20 feet from 40 to 700 ft. ; 7°, 
the ceuti-al angle, can be found by (9); aJi , yi , theco5ordinales 
of P.Cu are found by (4) and (6) by the aid of Table II;* 
afy Fj the coordinates of the P. C. of the circular curve, are 
found by (11); I', the length of the transition curve from the 
P.T.C. to the P.C.f is most conveniently found by assuming 
a value a little less than [x' + (^i — Xi) ■+- 32] for / in (5), and 
noting the resulting value of x; a second assumption may 
sometimes be necessary to bring the value of I used in the 
higher terms to the nearest tenth, which will usually give 
V — d with sufficient accuracy; V — a;' is tabulated as e\ <p\ 
the central angle corresponding with l\ will = {V -4- ^i)*/, by 
(2); when y', the ordinate opposite the P.C., can be found by 
(4), or it can be found from (3) without using 0; ^i — V will 
give the length of the second portion of the transition curve; 
100/° -I- D + arc excess, taken from Table V,t will give the 

* They were actually computed by (3) and (5\ so that occasionally 
thertt may he a sliffbt discrepancy in the last place. 
fArc excess = exc^s of circular arc over the sum of the cYioxds iTom 
^^^.atotheJ^.C.i, 



Eq. 17] FIELD-WORK BY OFFSETS. 9 

length of the circular arc for the corrcspondiug portion; the 
difference between the transition arc and circular arc is tabu- 
lated Bse'; e-^-e^ = ^ ^x' — arc excess. 

Table II gives G of (4) and {E) of (6), rendering the compu- 
tation of the coordinates, x and y, of any point of the curve 
extremely simple. 

Table III gives ^ and -B for computing the deflection angles 
by (12), (14), (15), (16), (17), for 20 equidistant stations on the 
curve, with the instrument at each of 5 different ones; B is in 
thousandths of a degree, and can be interpolated for interme- 
diate values of (p and /. A should be intei-polated by second 
differences when I is large, or directly computed if more con- 
venient. As great flexibility is thus given in the field-work 
in passing obstinictions, etc., as with circular curves. 

All the tabular quantities were computed to one or more 
places than have been retained, and they have been checked, in 
type, by second differences. It is confidently believed that no 
errors of Importance will be discovered, and no inaccuracies 
which can affect the best grade of field-work. 

Linear interpolation will usually be sufficient for interme- 
diate values; second differences may be preferred for i^and y 
in some parts of the table. 

a?i » yi » will usually be of use when an obstruction, or other 
local condition, prevents the use of the ordinary methods in 
the field. 

PRACTICE. 

7. Field-work by Offsets.— It will usually be most 
convenient during location and construction to simply allow 
the offset i^ between the tangent and circular curve, and the 
excess in length when important, without running the transi- 
tion curve. Two hubs are then required at the P. (7., and also 
at the P.T., one at the P.O. or P,T. proper, and the other on 
the tangent opposite, the distance between being F, one being 
set as a foresight and the other by offset. The instrument 
when brought up is placed over the offset hub, requiring the 
backsight to be similarly offsetted; or, with a table of natu 
functions, the vernier may be set to 

cot-' (distance -^ offset); * '' 
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or, if the offset is small, at the angle in minutes 

__ offset 

"" .029 X distance in stations' 

On a curve the offset should be multiplied by cos {nD •+- 3),* 
and the long chord taken for distance, in the above expression, 
when failing to offset the back flag. 

In plotting, the radius of the circle is increased by the offset 
in fixing the center from the tangent, while the radius is used 
in describing the arc, thus leaving the offset F at the tangent 
point. 

The increased labor from transition curves thus run is very 
small. 

Intermediate points on the transition curve, if required, can 
be found by ordiuates from the tangent proportional to the 
cube of the distance from the P.T.C, or from the circle pro- 
portional to the cube of the distance from the P. Ci, near 
enough duiing construction, those at the P.C. being nearly 
equal to one half of F. The true co5ordinatcs arc readily 
found from Table II if more accuracy is required. 

Example 1. At station 674 a 12" curve to the left begins. Required 
the data for a 50(y transition curve (front tangent not fixed). 

From Table I for li = 500,F= 21.60, e = .4, e' = 1.8, ar' = 247.7. 

.*. at sta. 674, —(e-\- e') = 673 -f 97.8, to allow for excess in length, erect 
a perpendicular with transit or chain = 21.60; place hub; set transit 
over it with 0*> of vernier parallel to tangent and run curve as usual. 
The P.T.C. wiU be 673 + 97.8 - x' = 671 + 50, and the P.Ci, 676 + 50. 

Approx. ordinates: 

Sta. 672, ?L5? + 5«= .0864; 

2 * 

672 + 50, .0864X2*= .7; 

673 .0864 X 3» = 2.3; 
673 4-50, .0864 X 4» = 5.5; 

and the same values for coiresponding stations from the circle. 

The true coordinates for any point can be compntpd by (4) and (6), if 
n iedo'd for greater accuracy. Thus, for sta. C73: Table I gives J= 80**, 
(i) gives (fr" = (i8«)« 30» = 2«».7. Table II gives C = .0157, E = .00022. 
I'-.'. y= 150(7=2.86; a; = 150 - 150^ = 150. 






— r- 



*n ^ 



ft = distance in stations; D = degree of curve. 



Eq. 17.] FIELD-WORK BY DEFLECTIONS. 11 

8. Field-work by Deflections.— For track centers 
the tmusitiou curve is best run with a transit. From Fy /and 
^1 are readily found from Table I, interpolating if necessary. 
Having /i, the number of stations (aH aliquot part of 20) can 
be taken so that they will be no farther apart than on the cir- 
cular curve. The instrument points for running the curve are 
then decided upon, the corresponding numbers are taken from 
Table III to multiply by /-*- 3 for the deflections, subtracting 
the corrections when important. The curve is then run in the 
usual way with transit and chain, but with short stations. 

Blank pages are inserted with Table III in order to preserve 
the deflections computed for the more common transition 
curves. 

llegular stations can be used if preferred, it adding slightly 
to the labor of finding A in the deflection formula. 

When the curve can be run with the instrument at the P. T, C, , 
— and P is not over 15* to 20"*, the deflections can be taken by 

(12) equal —n?y without the use of Table III. 

Strictly, the distances measured should be along the arcs. 
and not along the chords; the chords can be shortened by 
Table V to allow for this whenever the accuracy of the chain- 
ing will warrant; the maximum discrepancy is one inch per 
100 feet, if the chords are as short as would be used for circu- 
lar arcs of the same curvature. 

Example 1.— Find the deflection? for a 9«» curve with a 10.43-ft. offset. 
Tiible I: /= 18*»; /-»-3 = 6»; /, = 400'; requiring 10 chords each 40'. 
With instrument at P.T.C., from Table III: 

rfo* = .01 X G* = 0«.06 = Oo 3'.6; 

do ' = .04 X 6 = .2* = 14 .4; 



do-* = .81 X 6 - .003 = 4 .a")7 = 4 51 .4; 
do» = 1 X C - .005 = 5 .935 = 5 59 .7. 

On reachins: sta. 1 or the PCj. set up. bacicsi^ht on sta, O, deflect 
IS" — do^ for tangent at sta. 1; iht^n run the rsHiaiiider of the circular 
curve as usual. On reaching the P.T.Ci, tlie second transition curve 
can be run continuously by placing the circle po that the vernier shall 
read 1* for the tangent at P.T.Ci, and zero when parallel with the tan- 
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p^eDt at the P.T., and then setting the following readings computed from 
Table UI.: 
Instrument at P. T. C i : 

dj.* = 3.71 X 6<» =16«».26 =16»16'.6; 

dy* - 2.44 X « = 14 .64 = 14 88 .4; 



di» = 1.11X6 -.004= 6.656= 6 80.4; 
djO = 1 X 6 - .005 = 5 .996 = 5 69 .7. 

9. Best Length of Curve.— Tbe rate of change of 
elevation of outer rail preferred by trackmen, in passing from 
the tangent to the circular curve, varies from 1 to 2 inches per 
station; the elevation on the circular curve varies from one 
half to three fourths of an inch, to one inch for very high 
speeds, per degree, until a maximum of from 5 to 9 inches is 
reached. This would require from 25 to 75 feet of transition 
curve per degree of main curve up to a length of some 700 feet. 

On short tangents and short curves short transition curves 
will be required to prevent serious overlapping. On the other 
hand, a circuhir curve with transition ends leading to the tan> 
gents will usually approach nearer to the shape of a contour 
around a spur or up a narrow valley than a circular curve with 
tangents, thus using the longer curves in extending the com- 
binations available for fitting the ground in rugged topography. 
This flexibility will also be found very convenient in running 
track centers over crooked portions of the line, as the line can 
be better fitted to the road-bed, and small discrepancies in re- 
running the curves from imperfectly recovered points can be 
taken care of in the offset, as any offset within the limits of 
the tables can be used by interpolation. 

10. Compouud Curves.— In Fig. 3, let C be the cen- 
ter of the sharper curve of radius R and degree 2); G" that of 
the flatter curve of radius K' and degree D"; F^ the perpen- 
dicular distance E'J' between the curves on the line joining 
their centers; 00'* O, the tnmsition curve, joining the firet curve 
at 0, the second at G'", and its own tangent OB (not the tan- 
gent lo the compound curve) at 0; It , the length 0Q\ l'\ the 

/ei/jr/jSf t?t?'^; /a, the length 0"0; ^a, the excess in \evkg\\i ^i^ 



Eq. 19.] 
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usiug the transition curve. Call G the P.T,C,i\ E' or /', the 
r.G.G,\ Q" the P.Ci] W the P.T:'\ and the P.T^. 




8ince the curvature incrciises directly with the distance 

2>" ^ 



r = u 



D * 



»a — (i\ '~~ i> — •! 

By equations (8) and (9), 



D-D 



D 



■I 



(18) 



/" = 



l"D" 



' ~^\l^) 



(19) 



The codrdinatps of the center Care x* and F-\- R, taken from Table I 
for the D* curve; those for C" are x" and F" + R'\ taken from Table I 
Jor t))e ly ^wvo w|tli r' (^ ftrgqment. 
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III the right iriangle HCC'\ IIC, and HC" are known from the above, 
giving 

HC X' - X" :. 



tan i = 



CC" = 



HC" " F" 4- R" -F-R' 

1!^ = Vhc'--^''' 



COS t 



Fn = R" -R- CC 



-+-iiC" 



OE', or P.r.C.a to P.C.C. = 



I- i 
D 



100; 



J'G 



n 



or P.C.C. to P.C.2 = ^-^7^100; 

ea -- Za - (G^ + J'G^'O - arc excess; 

= 7a — lOOl + 1 — arc excess; 

\ D D" J 



(20) 



where "arc excess" is the sura taken from Table V for the proper 
lengths for the two circular arcs. 

Computing jPa and ej, for different cases, they are found to be the same 
as given by Table I, with D — D" and l^ as arguments, up to about 
Dl^ = 8000 ; i.e., up to D= 12°, ^ = 680' ; D = 20«>, ^,=400'; etc. For 
greater values, F^ should be computed by (30) for accuracy, although 
the error is not large at the limits of the Table. 

Computing QE\ the distance ftom theP.r.C-a to the P.C.C. on the 
sharper curve, by (20), it is found equal to l^ -s- 2, up to about Dl^ = 4000; 
leaving J'G'\ the distance from the P.C.C. to the P.C.^ on the flatter 
curve, = /a -i- 2 — Cji — arc excess. For much larger values these distances 
should be computed by (20). 

Hence, in using the offset method of allowing for the transi- 
tion curve, assume a suitable I2 (or F^) for a. D — U' curve; 
take out the corresponding F {ox li) and e-\-e' from Table I; 
run the circular curve to J^', tha P.C.C. y as usual (the front 
curve not being closely fixed in position); offset radially an 
amount F^-, set up a.i J' and couliuue as usual, allowing for 
e-\-e' when important. 

In using the deflection method, assume /a fts above; find 
Fi and e^ for a 2> — D" curve by Table I, and ^i and I" by 
(18); then OE' = h -^ 2, J'G" = h -^ 2 — e^ - &tc excess. 
Lay off GE' and J' 0"\ set up at G, the P.T.C.i, and run 
the transition curve of length ^1 as usual until (?", the P.C.a 
(distant U from G), is reached, the lust deflection being inter- 
polated in Table II. Set up nt the P.Ci\ backsight to the 
P.T.C.2\ then deflect the lust deflection at the P,T,C.iy less 
V', for a tangent at the P.C.%\ the B' curve can then be ruu 
's usual. 



Eq. 20.] TANGENT DISTANCE. 15 

If Dli exceeds the liraits given above, F^t e^, GE\ and 
JO" must be computed by (20), as already indicated. 

To run tbe curve in tbe otber direction: locate 0, tbe P. 71 a, 
by a tangent to the circular arc at E"t tbe P.T.'\ measuring 
tbe x" of Table 1 backward and offsetting J?*"; or locate an 
iustrumcnt point of Table III, by coSrdinates from E" or O" 
by Table II, tbe co5rdiuates of both E" and G" being known; 
then run the curve as usual. It can also be run with the in- 
strument at G", computiug A of the deflection formula by 
(13), and interpolating -B from Table III. 

Example 1.— A 10<> curve compounds to a 4** wiih a 3.92 ft. offset, at 
sta. 196 -{-40. Find the data Tor running the transition curve with a 
transit. 

Table I, for F^ = 3.92, and D - D" = C", gives ?9 = 300 ft. 

By (18), h = h^^, = 500 ft.; I" = 1^-1^ = 000 ft. 

Table I, for D = 10«, J, = 500, gives / = 25«», F = 18.05, x' = 248.4; for 
D" = 4«», I" = :«)0, gives /" = 4», F" = 1.16, x" = 100. 
Table IV gives R = 573. R" = 1432.5. 
D/j > 4000, requii'iiig a computation for GE' by (20) for strict accuracy. 

. 248. 4 - ion _ 148.4 

* " 1.16 4- 14:J2.5 - 18.05 - 573 842.61 * 

giving i = 9<».989. 

GE* = J 100 = 150.11 ft. 

QHO— 4 
j^E" = ' 100 = 149.72 ft. 

4 

P.r.C.a = sta. 190 4-40 -(1 + 50.1)= 194 4-89 9; 

P.Ca = " 194 4- 89.9 4- (3 4- 00) =1974-89.9. 

Using 10 stas. with 50-ft. chords for tlie SOO' curve, G'\ or the P.C.^, 
20O' from O, will be sta. .4. 
Table III, instrument at P.T.C.^ , or C^, 

d,-» = 2.71 X 8J« =22° 35'; 

d,« = 2.44 X8J =20 20; 



d,« = 1.56 X 8i:- .001 = 12 59.8. 

Zero at P.T.C.^ makes an anglv = 25° with tangent to 10** curve. 
Tangent at P.C.^ makes with backsight an angle = 12° 59'.8 - 4° = 8° 
59'. 8. 

] 1. Tangent Distance with Transition Curve. 

— Given the cenlral angle J, llie degree of the curve D, and 
the offset F, to find the tangent distance T\ 
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The effect of the Iransilioii curve is to move the circular 
curve from ihe position HLM to ENE\ the perpendicular dis- 




tance between the tangents being F, In the right triangle 
JOB, 



ox 



JB = (EG+JE) tan — , 



T'=(iJ+i?')tan ~ (21) 



= r+i^tan - 



(22) 



T, = R tan --, being the tangent distance without the transi- 

tion curve, found by Tabic VI, or by computation. 

If the curve is to be run by deflections, x' must be added to 
T" to reach back to the P,2\C., giving 



Ti = T + Fum ^ +x'. 



(23) 



iC' garj be taken from Table I with I) and i^as arguments. 



Eq. 24.] TAKQEKT DISTANCE. 17 

Example 1. Write out the transit notes for a 6" curve, with P.7., point 
of intersection of the two tangents, = sta. 721 + 52.7; A = 17*> 21'; F^m 
2.51 ft. 

By (21). T =-• (955 + 2 51) tan 8» 40*' = 146.1. 

Length of curve = ~ = 2.892 stas. 

TRANSIT NOTES. 

Sta. Point. Curre or Bearing. Vernier. 

+ 95.8 P.T., F = 2.51 S. 85» 80' W. 8* 40i' 

2 5 48 

1 2 48 

-!-«.« P.C.,F= 2.51 C'R. 

720 S. 18«' W. 

For track centers, or transition curve run wiih transit : 

By (28) and Table I, T, = 146.1 + 119.9 = 266. J«» = 7' A 

A — 27 
Length of circular curve = — jr — = 0.492 stas. 

Length of transition curve, Table I, = 240 ft., requiring 4 60-f t. chords. 

Table HI, for / = 7».2 : 

Instrument at sta. O : d,«» = 0<» 09'; do* = 0« 86'; do" = 1° 21'; do* = 
2*21'. 

Instrument at sta. 1: di» = 7<» 12'; dj" = 5* 33'; dj-» = 4«» 12'; d,«» = 
S«09'; di» = 2«24'. 

TRANSIT NOTES. 

Sta. Point, g^^.g!" Vernier. Remarks. 

724+15.9© P.T.i S.35«>30'W. 2° 24' Vernier = 2«» 24' for B. S. 

^ 8 09 

Ji 4 12 

.75 5 88 

+75.90 P.r.Ci 1 28i Vernier = 8«» 40*' for B. S. 

(= P + I' 28i') 

721 + 26.7© P.C.j 6»R. 2 24 Vernier = 4«» 48' for B. S. 

(= /» - 2» 24') 

.75 1 21 (These settings for B. S. 

Ji 86 give OP on the tang, for 

.85 09 P.C.i and P,T.,,andPon 

+ 8C.7© P.T.C. the tang, for P.T.C.i) 
718 8. 18«» W. 

12. Tangent Distance with Unequal Offsets.— 

From Fig. 5, 

r = T+AH-BJ 



^T4-— ^ 

sin J tan J 

A F" F' 

=:JiUxn - + 



)■ . . . (24) 



siu J tun J ^ 
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T' = T+Bn-OH 
F' F" 



= r+ 



siu J ttin J 



A F F" 

= i? tan zr--\- ;; — -.. 

2 ' siu ^ tan A 



. (25) 



F' 



Va7.J 




,AF" 



--- x \ 



y \ 



y 



Fig- 5. 



,y 



Example 1. Compute the data for a 4*' curve; P.L = sta. 51 + 35.6: 
A = :23« 15'; F' = 2.&i ft.; F" = 0.94 ft. 



By (24), 



^ = '''' + ^7-^ = '''''' 



(25), 



2^' = mr + -|^;--^ =299.2. 



Length of curve = _- = 5 812 stas. 



.-. PC. = 51 + 44.6, with offset r = 2.62 



P.T. = 57 + 25.8, with offset F" = 94. 



No further attention neetl be given the transition curves, except to 
How the proper offsets until track centers are required. 
£s. 2. Write out the transit notes for Ex. 1 for track centers. 



Eq. 26.] 
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13. Transition Curve added without chang- 
iug* the Position of the Line opposite Vertex. — 

Let E be the external for the old curve, and E' that for the 
new. In Fig. 6, 



.-. E' =E- F^ec-. 



(26) 




Divide Ihe external distance for a 1** curve, Table VI, by 2), 

for E, or compute it from E = B (sec ^ — 1 )• Then find E' 

by (26), and divide the external for a 1° cui-ve by it for U, the 
degree of the curve required. 

/y can always be changed to the nearest whole minute for 
convenience in running without sensibly disturbing the re- 
quired position. 

It will be larger than D, 

Exam PLK 1. A 4° curve befcinninjir at sta. 80 and ending at sta. 85 is 
to be replaced by a curve with a 1-ft. offset passing through the same 
point oppotiite the vertex. 
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Required the field-notes running the entire cunres with a transit and 
using i^ular stas. 
Table VI ; for A = 20®, external for 1» curve = 88.40, tangent = 1010.4. 

.-. E = 22.10, T = 252.6. 
E' = 22.10 - 1^ = 21.08; 

ly = ,^= 4« ir.6, say 40 l^; 

2. = !^ + .0 = 2,0.8. 

4.« 

Table I : 

forZj = 180, Z)=c4«»12'; 2?*= .94 + JJ(1.18- .94) - 0.99; 

I, = 200, P = 4® 12'; l?* = 1.16 + iJ(1.45 - 1.16) = 1.22. 

1 _ 09 

.-. for F= 1, P = 4* 12'; I, = 180 + 20 ,' 'rL = 180 9,aj' = 90.4. 
By (9), J» = ^ = 3«'.799. 

Length of circular curve = — ~ ..,'*' = 2.953 stas. 

p.r.c. = sta. 80+ r- r - »' = 79 + 21.4. 

The d's are interpolated from Table m. 

TRANSIT NOTES. 



Sta. 


Point. 


Vernier. 


Remarks. 


+ 78.50 


P.T.i 


1« 16' 


Vernier - 1® 16' for backsight 


5 

4 
+ 97 60 




2 3.8 




P.T.C.i 


6 12 


Vei-nier = 10° for backsight 


S 




4 9 


(= P + 6° 12'). 







2 8 




+ 2.30 


P.C.i 


1 16 


Vernier - 2«» 32' for backsight 


1 
80 




1 18.8 
14.4 


(= J* - 1« 16'). 


79 + 21.4© 


P.T.C. 







14. Transition Curve added with the Least 
Deviation from the Old Roadbed, in improving* 
Old Track. — For this case the new track should pass about 
as far outside opposite the vertex as it passes inside opposite 
the P.C, or about F-t-2, 



Eq. 27.] 
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the problem otherwise being the 8t\me as § 13. lustead of 
F-*-2, any other value can be used as desired. 

15. Transition Curve added without chang*- 
iug: the Leng^th of the Track, to avoid cutting: 
the liails.— In Fig. 7, let 4 and i? be the P. G. and P. T. for 

O 



I -"^" 




the old track; O and O the PC. and P.T.y and 0' the 
P.T.C. and P.Tl, , for the new track. 
By the old line, 

Dist. from to (7 = OA + arc An+ 110' 

= 20A + BJ 

= 2(7'' + x' - T) + nJ 

= 2 [(/r + F)tan ^ + ^' - ^^^^ o ) + ^^^' 

where J is in ;rmeasure = .01 7453 J*. 
By the new line, 

Dist. from lo (7 = 2^ + <? + e) + arc QQ' 

= 2{:z' + e + e') + R'J', 

where x' and e-\-e^ arc taken from Table I. 






or 



TRANSITION CURVES. [§ IG, 

Placing the two values equal, 
li'J-\- 2{x' + e + e') 

= 2l{R + F) tan - -j- a?' - /? tan -) + HJ; 

.01T45i?J" - 2(i? - F) tan ^- 2(d + 

i?'= ^ ;. . . (28) 

.01745J'* - 2 tan -- 

.008725(U' - Ii)J^ + {e + e) + (i? - i?) tan ^ 

i^= ^^ ^. (29) 

tan — 

This problem is usually limited to small values of J^or to 
small changes in /?, so that e -\- e' i& practically known. For 
larger changes a second trial may be necessary. 

Example 1. Tracic has been laid on a S" curve 900' lono:. Required the 
data for transition curves without changing the length of the rails. 
Assume F =• 1.5 ft., as it will give by § 9 an easy transition without too 
great shift of track. 

Table I; e4-e'=0. Also, A = 45*»; i2 = 5730 -f- 5 = 1 146. 

899.90 -948.13-. 00 _ 
<^^' ^ = .785:i5 -.82812 = "^' '*' 

Changing R' to 1116.2 ft., 
ly = 5° 08'; L' = 45-1-5.183 = 8.767 stas.; T = (1116.2 -f- 1.6) tan % = 463.0; 

T for old curve = 474.7, requiring the P.O. to be moved forward 11.7 ft. 

Table I; by interpolation i, = 200.7 ft. 

With stakes 100' apart up to 8® curves, it is unnecessary to run the 
transition curve with an instrument; y'(= F-f-2 in this case) locating a 
point opposite P.C.\ x' measured back on the tangent locating P. T.C, 
and /, = Z,D -1-200, locating the P.Ciy each being distant Z, -i-2 from the 
P.O. in this case. 

16. Transition Curve added without disturb- 
ing the Central Portion of the Circular Curve. 

— To make room for a given offset F, the euil of the circular 
curve must be sharpened by compounding, and to prevent loo 
^reat a difference in cwrvatiire at the P. CO., V\\e c\vv\iig<ft 
sMouJd be limited to, aay, V to 2^ i.e., Jy" - D" <^". 
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The two circular cui-ves are tangent to each other at G, 
Fig. 8, and the angle between them increases directly with the 
distance. Hence the offset from one to the other must increase 
with the square of the distance so long as the angle can be 
taken pro|X)rtional to its sine, and the distance can be taken 
the same by either curve. 

At 100 feet from O, 

Offset = 100 sin \(iy - i?) = 50 sin I*' (Zy^ - 2)') 

Hence at n stations from G, 

Offset = Jn»(2>'" - D''),* approximately, or, ) 

f . . (30) 
F < ln\ for (D'" - D") < 2^ ) 

Prom this approximate value of n assume a convenient ^i. 
Then in Fig. 8, 

EE=AC-AH^ CE, 

or R = R-F- (i?- R) cos ^,, 

from which 

R'=R-. — ?^—-7- (31) 

1 — cos -Ji ^ 

Having R\ the transition curve can be put in as usual. 

For flat curves and short transition curves the problem can 
be simplified as follows : 

Assume the P.C.x from 100 to 200 feet from the P. C; meas- 
ure the perpendicular distance yi to the tangent, and the angle 
/which the curve at the P. d makes with the tangent. If 
the cui-ve is regular and the P. C. can be accurately found, yi 
and /can be computed from AG or n. The coefficients Cand 
J^of equations (4) and (6) can be found from Table II with 2 
as argument, giving 

l^ = ^: (82) 

Xt=li-liE. (38) 



♦ TIiIk formula is very convenient In location. In computing: tbecbang^e 
of curvature required for a given oflTset. When D = 0, it reduces to 

the off«et from a tansrent to a circular curve. 
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Measure Xi back on the tangent from the foot of the perpen- 
dicular at P.C.I for the P.T.C, One or two intermediate 
points can be located by coSrdinates computed by Table II; 
or the curve can be run with transit, computing the deflection 
angles by Table III, or taking them proportional to the square 
of the distance witli the instrument at the P,T.C,, the last one 
being / -i- 8, which will give a check on the work. 




F — ^^ 



A, 



/ 
/ 

/ 

/ 
/ 
/ 



fC 



Fig. 8. 



An approximate value of h can be found from (82) by sub- 
stituting the first term of the equation above (4) for C, giving 



li = 



8y, 



.017463/* 



By the footnote to (30), 
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Substituting, 



or 



It = 150/1; (34) 



i.e., iTie length of the transition curve is once and a half t?iat of 
the circular curve from the P. C. to Uie P.d. 
The degree of curvature at the P.CiSS found by (9) will be 

J. - 200/° . 

I ' 

by (34), 

_ 200/ ° _ 200 

~ IbOn ~ 150 ' 
or 

I>' = iB (35) 

The method is thus admissible to 3° curves if Ihe break in 
curvature is limited to 1°, to 6** curves if llie break is limited 
to 2**, etc., independently of the distance from the P. G. to the 
P.C I, or of the amount of the old track disturbed. 

It can be extended to the case where there is an offset be- 
tween the tangent and the circular curve at the P. C, if desired; 
although it then offers no advantages over the reguhir methods 
already given, while it has the disadvantage of usually intro- 
ducing a break in curvature at the P.d. As the offset at tlie 
P. C. increases relatively to the offset yi at the P.d, the break 
in curvature decreases, reaching zero when the ratio becomes 
1 : 4; the transition curve having the flatter curvature {1/ < D) 
at the P.d for all greater ratios. 

KxAMPLK 1. Find the data for a 4-ft. oflfset for a long 12® curve with- 
out disturbing the central portion. 

(30), 4 < J/t«, giving n > 1.61. 

AsBume A, = 24<>, giving 

(81), R' = 477.5 - ^— -- = 431.28. 

TablelV, D' = 13«»17'. 

The P.C. wai be moved forward, = 200 - ^100 = 19.8 ft. 
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Table I,, with F = 4 ft, If = 13« 17'; h = 203.7; x' ^ 10J.6; J -= '^ = 

13°.529; P.C. to P.C.i = Z, -«-2 = 101.8. 

The deflections can now be found from Table III, or the x and y co- 
Crdinates from Table II. 

By the second method; assume the P.Ci, say 100 feet on the curve; 
the P.T.C. by (34) will be 50 feet back on the tangent; and tlie middle 
ordinate will be | that at P.Ci; the latter bein^ readily measured on the 
ground, or it can be computed. The break in curvature at the P.C.i, 
however, will be by (35) D' — P =; | X 12 - 12 = 4**, as compared with 1* 
17' at the P.C.C. by the first method. The former cannot be reduced, 
while the latter can be by diminishing JF*, or by increasing the distance 
from the P.C, to the P.C.C. 

17. Transition Curve added at the JP.C.C* of 
a Compound Curve by changing the Degree of 
the Second Branch.— Draw a tangent AB = T aX the 
P. C, C. , Fig. 9, to meet the tangent at the P. T. at B, and meas- 
ure ABixw^ A. 



P.T. 

— p 



G B J 



I ./ v^ ' * 




Let the required tangent be T. 

In the right triangles BJ'Z/and BEG, 

GE=BH=FcoiA. 

.\T' = T ±Fi^o\.A', (36) 

"Where the phis sign is for the second branch sharper than the 
first, and the minus sign for the second branch flatter than the 
^^st. 

To find T)\ divide the tangent for a 1° curve, Table VI, by 

► or 
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n:ivin2^ /)', proceed ns usual. 

If an offset F* is added at the P. 7*. also, 2" will be sliorteued 
l)y F* -¥■ sin A^ giving 

T" = T ± Fcoi A - ~^., .... (87) 

sm A ^ ' 

"with which proceed as above. 

An offset is readily added at the P.C. if desired, from what 
has already been given. 

Example 1. A 2C® curve compounds to a 12» at sta. 844, with the P.T. 
at ftta. 850. 

Required the data for a 3 ft. offset at the P.C.C. and a 7-ft. offset at 
theP.r. 

A = T2«; F-Z\r = 't\ r = i2 tan ^ = 346.9. 
By (87), r" = a46.9-3x.325- ^ = a38.5. 

^ 338.5 X 1.370:i8 " ^-^ -^ - ^^ l» • 

The new vertex comes opposite a point on the tangent back of the old by 
an amount 

F 

4-^ cot A 



sill A 
3 



f- 7 X .325 = 5.4 ft.. 



.951 

which places the new P.T. back of the old an amount 

= 5.4 4- (346.9 - 338.5) = 13.8 ft. 

18. Transition Curve added at the JP.CC of 
a Compound Curve by moving^ the P.CC. 

Let i?i = the radius and G the center of the first branch; 
/?t = the radius and d the center of the second branch; A^ = 
the central angle of the second branch; A\ = the required 
central angle with the offset i^ added at the P.C,G.\ A'\ = 
the required cent ml angle with the offset F added at the P. C. C. 
and ^, at the P.T, 

{a^ R^<Rx (Fig. 10). 

With C as center and i?i — iJa — ^ as radius, describe th<5 
arc QQ' to meet a parallel to the tangent at P.T, drawn 
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througU the center Ci. Q will be the new center required, 
and J the new P G. G. 
In the right triangle CGxK, 

GK = GGi cos J 2 = (Bi - /?a) cos ^a. 

In the right triangle GOK, 

GK 



cos J'i = 



COS ^'a = 



'- GG* 

{Ri — iJa) cos jdi 



Ri — ^a — ^ 



B ^ 



••— — —«-. — -. — — i-pp^^^^ 



• I 
II 
•I 

!i 



(88) 






;>fr- 



With an offset F^ at the P. 21, O' will be F^ farther from 
-4.B than O, giving 

GK' 



cos J", = 



cos J'\ = 



{Ri - R.i) cos Jt - -?*« 



(ft). -Ba > -B,. (Fig. 11.) 

C7Jr=(i?a-i?i)cos^a; 

(72a — Rt) cos Ja 



• • • • 



C08 ^', = 



Rt-Rt-F 



(39) 



(40) 



Eq. 41.] 
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Or, wilh offset F, at P. T., 



.„ (R, - .R,) cos Jj + Ft ,.,, 







Fig.il^ 



V^^ 



RC 



ExAMPLB 1. AG** curve begins at sta. 672, compounds to an IS** at sta. 
680, with a tangent at sta. 685. Required the data for an offset of 5.01 
ft. at the P.C.C., and 8i ft. at the P.T, 

Aj = 90O; F = 5.01 ; F, = 32 ft. 

(955 - 818.33)0 - 82 



(89), cos A", = 



»55 > 818.83 - 5.01 ' 



giving A"a = 92« 54'. 

.-. P.C.C. = 680 + ^^ " ^''* = 679 + 51.7; 

P.T. = 679 + 51.7 4- 4r^ + (« + eO = 684 + 68.0; 

taking e + «' from Table I, for D = 12«», F = 5.01. 

The deflections for the transition curve with the instrument at the 
P,C,C, would be computed as follows, using the notation of f 10 and Fig. 8. 
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Table I, for D - D" = 12°, and F = 5.01, gives ^ = 210. 
?i = 21015 = 300, requiring 10 36-ft. chords; V = 360 - 210 = 120. 
D = 18», ?j = 360, gives /= 32°.4, x' = 178.1, F+i? = 16.76 + 318.33=335.09. 

D" = 0«, r' = 120, gives P' = 3°.6, a?" = 60, F" + i2" = .63 + 955 = 955.63. 

G"J' = P.C a to P.aC. = ^^100 = 119.6; 
WG" = P.T." to P.C.<i = J^lOO = 60; 

.B'O = p.c.c. to p.r.a, = -~ - 100 = 120.1. 

Table III. do> = .01 x 10».8 = 0° Ci'; 

tZ^i^i X 10 8 = 1 12 =P.a9; 



t/fli = 1 X 10.8 - .030 = 10 46 = P.r.C.9. 

.-. s-t up at E" at sta. 679 + 51.7 - 119.6 - 60 = 677 + 72.1, turn tan- 
gent; measure x" = 60 back; offset F" = .63, giving O; set up at O and 
run transition curve with above deflections and 36-ft. chords, except 
when interpolating do^. 

19. Old Track,— The problems already given will suflSce 
for all the ordinary cases iu aligning old track, where the 
curves are short and the tangents can be run to intersect at 
the P.Ly or can be connected across by a single tie-line. 

With long sharp curves, where the roadbed usually lies in a 
deep cut or high fill, so that it is inconvenient to prolong the 
tangents to intersect, other methods will be found more de- 
sirable. On account of the trackman's habit of springing the 
tangent points in, making a sort of transition curve in his 
effort to secure an easy-riding track, the degree of curve can 
best be found by setting up on the central portion, and noting 
the deflections per station each way from the instrument. A 
value can then be assumed, and a trial-line extended through 
in each direction, noting distances from the center of the track 
at (}JSerej)t points, and csj^ecially at the ends, in order to de- 
termjue the ojfscts to the tangents. 
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The change in deflection, when small, required to pass the 
line through any given point can be found from (30), 

Offset = in^D' - D) = l7i\d' - d)\* 

where n = distance in stations, D and d the trial degree of 
curve and deflection, respectively, and D' and d' the required 
ones. 

The change in the position of the first instrument point with 
reference to the center line, and the deflections which will best 
fit the roadbed, can thus be readily found. Slight changes in 
deflection, starting at instrument points, are admissible in 
order to lessen the shift of the track, the effect being to slightly 
compound the curve ; while any slight discrepancy in the 
work can be thrown into the offset at the tangent and taken 
care of in the transition curve. 

' If in thus fitting the roadbed a suitable offset cannot be 
Recured for the transition curve without too great expense for 
track-work, the end may be compounded by one of the methods 
of § 16. If the track is shifted more than, say, 2 feet, the 
estimated cost of track-work should include the extra cost of 
maintenance, due to the settlement of the ends of the ties on 
the new roadbed. 

If the original curve is compound, the P,C.C. will be diffi- 
cult to find directly with accuracy, owing to the approximate 
transition curve introduced by the trackman. In running the 
tiiallinc which fits the first branch of the compound curve, 
the distances from the center of the track will begin to increase 
in passing onto the second branch. Measuring two of these 
and substituting in (30), 

Offset =r |;i»(Z)' - D)\ 
Offset' = l(n + \f{iy - D)\ 

from which to find n and!)', the other quantities being known. 
Or, U can be found directly in the same manner as D, when 
one measured offset will give w, or the distance from the offset 
to the P. C. C. 

Having the P.G.C., if the change in curvature is great a 
transition curve can be added by the methods given in §§ 17, 
18. Or a short transition curve can be added without chang- 

• SearleH's Field Engineering, Table X and $$146-152, on the valvuid 
Ciirvf, will give in<)re accurate results, but with more labor. 
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ing the main portion of either branch of the compound curve 
by sharpening the sharp curve, and flattening the flat one by 
sjiy 1", for a distance n from the P.(jliC., so that the two 
changes will give the desired offset by (30). The curvature 
on one side will thus be increased as much as it is flattened on 
the other, leaving the two branches parallel at the P.C.C, and 
at the offset distance apart. The transition curve can then be 
run by § 10; or, with a close approximation for short transition 
curves, by taking the ordinates starting from the P.T.d, or 
from the P.Ca, proportional to the cubes of the distances, 
that at the P, C. C, being one half the offset. Or by the method 
in use with the Holbrook spirals; set up at the P. C.a, and 
measure the angle between the tangent at that point and the 
line to the P. T. d; take out the deflection corresponding to the 
flat curve for the entire distance, and assume the remainder to 
be due to the transition curve; intermediate deflections to be 
made up of the flat curve deflection proportional to distance, 
and the transition curve deflection proportional to the square 
of the distance. 

Monuments should be placed at each end of each transition 
curve, so that the trackman may know where to begin his 
curvature and elevation of outer rail, and where to reach the 
full values required for the circular curve. 

20. General Case.— The transition curve adds materi- 
ally to the flexibility of the alignment, as ali-eady indicated. 

C_ _ H B _^ 






I 



Ffg.i2. j I 

i 

It also simplifies the field-work during location on crooked 
alignment by allowing, after the line has been fairly well fitted 
to the ground, any tangent or any curve to be studied by 
itself and shifted within the limits of the offsets if its position 
can be improved thereby. Many of the complicated field 
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problems can be simplified by runuiug trial solutions; it often 
being easy to bring the last curve within the range of offsets 
of the tangent, and then use a transition curve. To find the 
P,T, and offset i^ between a circle and tangent which do not 
quite intersect or touch : 

Run the curve to a convenient point A, Fig. 12, where it is 
approximately parallel to the given tangent; set up the instru- 
ment and measure the angle Jx between the tangent proper 
and a parallel to the given tangent; also measure the perpen- 
dicular AB, 

Dist. toP.r. = ^G^ = ^. 

Offset F= AB-AQ sin ^i. 

Or, sight from any point A near the P. T, to any point H on 
the tangent, and measure the angle J^ between this line and 
the tangent proper at A\ set up at H and measure the angle 
^% between this line and the given tangent; also measure the 
distance AH, 

AB= AH sin J3; 
giving the same data as above. 

Example 1. A tangent joins a 6° curve to the lefl at the P.T. at sta. 
e2i, and a 20^ curve to the right at the P.O. at sta. 831. If the tangent 
be moved 3 ft. to the right at sta. 824, and 48.5 ft. to the left at sta. 831, 
to better fit the ground, find the data required. 

Each central angle will be increased by tan-* '-~j~- = 4** 12J',lenglh- 

ening the 6® curve by 70.1 ft., and the iiO* curve by 21 ft. 

The first oflfaet F=iR +3) cos i** V^' - R = 0.4-2. 

The second offset F' = (R' -{• 48.5) cos 40 12^' - R' = 47.60. 

The length of the new tangent is best found when restaking it; it can 
be readily computed if desired. 

21. Description of Right of Way.— The ordinary 
description for right of way culls for a given width each side 
of the center line, and then describes the center line as being 
80 many feet along a tangent of a certain bearing, then along 
a curve of given degree, etc. 

When a transition curve is added, it will be sufficient in 
describing the ceutcr line to note the offset thus; *' TUcuco 
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aloDg a tangent N. 20** W. from sta. 1081 to sta. 1086 + 50, a 
distance of 550 feet; thence along a 6* curve to the light lo 
sta. 1091, a distance of 450 feet; thence along a tangent N. T 
E. to sta. 1102, a distance of 1100 feet, there being an offset 
of 0.4 feet at the beginning of the curve, and one of 0.5 feet 
at the end for a transition curve to connect the circular curve 
and tangent." The variation in transition curve for a given 
offset not being sufficient to seriously affect right-of-way lines. 
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PiS'^ I. 
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(4), y = IC; (7 from Table II. 0° as argument. 
(6), x = I-IE; E from Table II. 0° as argument. 
(5)-(10), ari, y, . F, x\ y\ e, e\ I' =it' + e, see Table I. 

(14)-(17), d = -A - B; A and B from Table III, n", n, r 
as arguments. 

P. a to p. a 2 (circular arc) = ~IQ0 = ^J. 

1) 3' 
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(18). r = /i^. 



1% — *i — r — *i 



B ' 



' TV' 



(19), /" = 



rB 

200 



-©■ 



txf — a^' 
(20), tan i = p'> j^ j^* ^ ;p _ ^- 

RT.C.i to P.C.a (circular arc) = 



J- I 



100. 



I — 1" 
p. C. a to p. a a (circular arc) = -^tt- 1 00. 



TABLES. 
Table I. 

/i = leDgtb of transition curve, § 3; 

/** = pentral angle of trausiiion curve from P.T.C. to 
P. a,. (9); 
= centrnl angle of circular curve from P.C. lo P.C.^\ 
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x^ti/if = coordinates of P.C.^ (3)-(6); 

of, y, = coordinates of point opposite P. C7., (11); 

F=: offset from tangent to circular curve at P.O., (11); 
I' =:af -{-e = length of transition curve from P. T. C. to 

PC; 
6 = 1' — aj' = excess of transition curve over tangent 
from PT.G. io PC; 

e' = -~ — V — arc excess = excess of transition curve over 

circular curve from P. C, to P. C, , § 6. 



Table II. 

0° =r li^P = central angle of transition curve from P. T. G. 

I 
to point distant I from P,T. C, where n = —; 

y = ordinate at any point from tangent at P.T.C.; 

X = abscissa at any point measured along tangent at 

PT.a 



Table III. 

w, 0, as above ; 
7i" = instrument point; 
d = deflection angle from tangent at PT,C., in degrees, 
for all values of P from 0" to 60°, and for five 
values of n". P is taken from Table I. 



Table IV. 

Kjulii found by dividing 5730 by D. 

Deflection angles in minutes per foot of length of curve. 



Table V. 

Actual circular arcs for a 100-foot chord, or for 100 feet 
'loured along the chords. 



TABLES. 37 

Table VI. 

Tangents and externals for a !•* curve with radius = 5730. 

5730 
All tables computed on the basis that H = —fft requiring 

100-foot chords to be used up to S"* curve, 50-foot chords from 
8" lo 16' curves, 23-foot chords from 16** to 82% and 10-foot 
chords for all sharper curves. 

FORM FOR PRESERVING DEFLECTIONS MOST 

COMMONLY USED. 

Deflections for 2** curve; I=V 30'; l^ = 150 ft.; F= .32ft. 
n O at Sta. 0. O at Sta. 1. o at Sta. .5. 

0** C 0° 30* 
.1 

.2 

.3 

.4 

.6 7^ 52i 

.6 

.7 

.8 

.9 

1 30 1 30 

Deflections for 7** curve; J= 10" .50; l^ = 300 ft.; F= 4.57 ft. 
n O At Sta. 0. © at Sta. 1. o at Sta. .5. 

0" 0' 0** 52i' 
.1 

.2 

.25 13 1 32 

.3 

.4 

.5 52^ 0° 7^' 2 37^ 

.6 /■ ' 

.7 

.75 1 58 4 09^ 

.8 

.9 

1 8 30 10 80 6 07^ 
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Deflections for 20" curve; J= 60**; ^^ = 600 ft.; F= 50.33 ft. 



n 


at Sta. 0. 


O at Sta. .75. 


O at Sta. 1 
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17 
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18 


57 
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3 


12 


20 


27 
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.5 
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23 


45 
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03 
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33 
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